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Abstract
A technology roadmap is the document that is generated by the technology road-mapping process. It usually identifies the critical
system requirements, the product and process performance targets, and the technology alternatives and milestones for meeting 
those targets. In effect, a technology roadmap identifies alternate technology “roads” for meeting certain performance objectives. 
CCUS has great potential to reduce CO2 emissions substantially from the whole lifecycle of traditional energy-intensive industry 
at a large-scale. In this paper, we do not want to address how to generally make a CO2 technology roadmap. We are concerning 
about the gaps and suggestions which should be closed in the coming revision of China CO2 technology roadmap 2011. The 
paper presents a summary of latest situations of international and national CCUS technical roadmaps. Then, the challenges 
existed in the past and also emerged currently in China are proposed. Finally, some comments and suggestions for the coming 
version of China’s CCUS technology roadmap are displayed to guide ongoing development of CCUS in China based on the 
development situation and challenges of China CCUS RD&D in the past and at the present stage. 
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Nomenclature 
CAGS  China-Australia Geological Storage of CO2 (CAGS) program 
CCS  Carbon dioxide Capture and Storage  
CCUS  Carbon dioxide Capture Utilization and geological Storage 
CDM  Clean Development Mechanism 
CO2-EOR CO2 Enhanced Oil Recovery 
CO2-EWR CO2 Enhanced saline Water Recovery 
CSLF  Carbon Sequestration Leadership Forum 
GCCSI  Global CCS Institute   
IRSM  Institute of Rock and Soil Mechanics  
IEA  International Energy Agency 
LSIP  Large-Scale Integrated Project 
MTPA  Million Tons Per Annum 
R&D  Research and Development 
RD&D  Research, Development and Demonstration 
TRM  Technology RoadMap 
1 Introduction 
A technology roadmap is the document that is generated by the technology road-mapping process. It usually 
identifies the critical system requirements, the product and process performance targets, and the technology 
alternatives and milestones for meeting those targets [1, 2]. In effect, a technology roadmap identifies alternate 
technology “roads” for meeting certain performance objectives.  
CCUS has great potential to reduce CO2 emissions substantially from the whole lifecycle of traditional energy-
intensive industry at a large-scale [3]. In this paper, we do not want to address how to generally make a CO2
technology roadmap. We are concerning about the gaps and suggestions which should be closed in the coming 
revision of China CO2 technology roadmap 2011. The paper presents a summary of latest situations of international 
and national CCUS technical roadmaps. Then, the challenges existed in the past and also emerged currently in China 
are proposed. Finally, some comments and suggestions for the coming version of China’s CCUS technology 
roadmap are displayed to guide ongoing development of CCUS in China based on the development situation and 
challenges of China CCUS RD&D in the past and at the present stage. 
2. International and national CCS technology roadmaps 
CCS technology has progressed in recent decades, but with a slower rate than an expected speed of international 
agencies’ roadmaps (like IEA, GCCSI etc.) [4-6]. In the context of CCS technology, some countries tend to act as 
pioneers and others as laggards [7]. There are over 300 projects CCUS projects in operation, under construction and 
at an advanced stage of planning in the world as of August 2013, among which, 65 large–scale integrated projects 
(LSIPs) are identified [5]. 12 are referred to as operational large–scale (at least 1 MTPA) CCS projects located in the 
US, the EU, and Canada respectively, are all directly relevant to hydrocarbon fields. By 2015, a combined CO2
capture capacity of more than 37 MTPA will be realized if other 8 LSIPs being constructed put into operation [5]. In 
addition, at least 19 developing countries are engaging in CCS activities, China is one of the countries with most 
active CCS activities [8]. 
With the increasing demands from international climate negotiations and booming programs on Carbon Capture 
and Storage, many international organizations, e.g. IEA and CSLF, and nations published their CO2 technology 
roadmaps from 2002 to now [6]. Fig. 1 displays that there are over 40 CCS roadmaps with a national or international 
scope at present according to our statistical results, and the cumulative number of CCS roadmaps has risen year by 
year. The developed countries, such as Australia [9], Canada [10] and the US [11], are leading the development of a 
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series of TRMs in the early phase. Since 2009, with the accumulative practice experience gained and the urgent need 
of strategic positioning CCS development for developing countries, some developing countries which undertake the 
task of emission reductions, such as South Africa [12] and China [13], have issued their own CCS (or CCUS) 
national TRMs. It can also be seen that, either global scale or regional scale, all the CCS roadmaps share a similar 
vision. That is to promote the RD&D of CCS technology with due speed in the next coming decades. 

Fig. 1. CCS/CCUS roadmaps by year. 
3. China’s CO2 technology roadmap 
In 2011, ACCA21 released the first China’s CCUS TRM [14]. Based on a research priorities-model, the roadmap 
presents the technology development environment and current situation, visions, phased goals for the development 
of China's CCUS technology by different node times (2015, 2020, and 2030), CCUS technical priority actions, and 
policies for supporting China’s CCUS technology (Fig. 2). In addition, it also gives guiding recommendations on the 
scale, time nodes, priority regions and integrated demonstration approaches for CCUS technology demonstration 
and deployment. 
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After the first release of Technology Roadmap Study: Carbon Capture, Utilization, and Storage (CCUS) in China 
in 2011 by Administrative Center for China's Agenda 21, Ministry of Science and Technology of the People's 
Republic of China, there are some new prominent issues and challenges of CCUS Research, Development and 
Demonstration (RD&D) in China. A technology planning is very important for many reasons. As a national 
organization with research and development (R&D) as a major mission, ACCA21 must do effective technology 
planning to identify and develop the technologies required to meet its national missions on climate change and 
carbon emission reduction. 
In below, the challenges existed in the past and also emerged currently in China from two levels (obstacles 
common to the global and problems specific to China) are presented, which limit its up-scaled application, to 
varying degrees.  
I. From a global perspective, the research, development, demonstration, and commercial deployment of CCUS is 
faced with the following common obstacles [4, 15, 16]: 
x In absence of economic drivers: uncertain economic support and low carbon emission permit prices; 
unvalued benefit of CCS technology learning; limited business opportunity and profit allocation model; 
relatively weak competition compared with other low-carbon technologies. 
x In absence of a strong policy and regulatory push: uncertainty about long-term climate mitigation goals; 
unclear regulatory responsibilities; overlapping and conflicting relationships between CCS and existing 
regulations; lack of political recognition for the role of CCS; absence of or limited targeted incentive 
measures; low public acceptance for CO2 storage. 
x Technical difficulties. 
x Insufficient understanding: opposition to projects in some jurisdictions; unfavorable views on CCS as 
perpetuating a high-carbonaceous fuel world; fuzzy legal concept of the term of CO2 (because the 
properties and risks associated with CO2 itself); concerns over risks of CO2 escape; lack of solid 
understanding by stakeholders. 
x Imperfect cooperation mechanisms (different countries; industries and companies). 
II. Prominent issues of CCUS development in China [13, 14, 16]:  
x A triple dilemma: high technical cost, poor economic feasibility and the absence of capital source; 
relatively low level of economic and social development; China, as a developing country, is hard to bear 
enormous costs of multiple integrated full-scale CCUS demonstration projects, not to mention the 
additional energy consumption and costs for up-scaled deployment. 
x A dislocation exists in matching CO2 emissions sources with sinks (including CO2-EOR): emission 
point sources are concentrated in the eastern regions, but the western China has a large storage potential 
with CO2-EWR. 
x The complex geological conditions (or some regions have their unique geological features) results in 
more technical difficulties for CO2 storage. 
x The high population density needs to high security standards for transportation and storage. 
x Lack of experts familiar with CCUS and low public acceptance. 
x No concrete nationwide legal framework and management standard by far [17]. 
4. Concluding remarks 
Based on the development situation and challenges of China CCUS RD&D in the past and at the present stage, 
some comments and suggestions for the coming version of China’s CCUS technology roadmap are proposed to 
guide ongoing development of CCUS in China. 
Chinese decision makers should put CO2 utilization at an equal footing for development with the other three 
processes (capture, transportation and storage) in the new roadmaps. Firstly, CO2 applications can create a fairly 
large alternative emissions reduction, even though some CO2 utilization technologies cannot give full play to the 
role of the permanent storage of CO2. Moreover, CO2 storage technology remains in the stage of exploration and 
demonstration, and the intractable problems like HSE (Health, Safety and Environment) issues cannot be completely 
solved in a short term, CO2 utilization will then probably be an important way for handling CO2 after capture 
process during 20 or 30 years [18, 19]. 
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As the world's largest developing country as well as the heaviest carbon emitter, it is necessary that China cuts its 
CO2 emissions intensity. However, the goal of CO2 emission reduced by CCUS should be set up under the principle 
of “common but differentiated responsibilities” [21], given the present national condition (a relatively low level of 
economic and social development) and the development stage (as a developing country) of China are concerned. 
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